Patients with Parkinson's disease often present with a complex impairment of speech, commonly recognised as dysarthrophonia. [1] [2] [3] [4] [5] [6] It is generally accepted that parkinsonian dysarthria emerges due to neurogenic impairments at the respiratory, phonatory, and articulatory level. Based on an earlier proposition by Leyser, 7 Critchley 8 has classified the speech disorders of patients with Parkinson's disease into akinetic, rigid, hyperkinetic, and iterative (or repetitive) forms of dysarthrophonia. This symptomatic classification suggests that the two main elements of Parkinson's disease, bradykinesia and rigidity, exert an influence on the motor speech system. The equivalents of hypokinesia or rigidity have been described as monopitch, reduced stress, imprecisely produced consonants, breathless voice, and monoloudness.
1-3 5 6 Hyperkinesia has been hypothesised to cause speech impairments such as voice harshness, excess loudness variations, imprecise articulation, and disintegration of respiratory processes. 9 Iterative or repetitive speech phenomena are the least studied features of the articulatory disorder in Parkinson's disease. Repetitive speech phenomena may be characterised broadly as a group of variable speech iterations with immediately successive repetitions of syllables, words, or phrases. Due to their heterogeneity, they have been labelled diVerently, as stuttering, 10 speech iterations, 11 or palilalia. 12 13 With the exception of palilalia, which is a frequent sequel of postencephalitic Parkinson's disease, 7 14 15 the phenomena are considered rare symptoms of idiopathic Parkinson's disease. 4 However, only few studies have undertaken a detailed search for repetitive speech phenomena in Parkinson's disease. Koller 10 studied six patients with parkinsonian symptoms who developed dysfluent, stuttering-like repetitions which were most pronounced in self formulated speech, aVected initial phonemes more often, and were not alleviated by levodopa therapy. Hertrich et al 11 described repetitive speech phenomena in a cognitively declined patient with Parkinson's disease appearing as predominantly monosyllabic iterations occurring at all word positions. Ackermann et al 4 noted a patient with idiopathic, late stage Parkinson's disease with on-oV fluctuations who developed palilalia during peak dose hyperkinesia, pointing to a possible relation between the appearance of repetitive speech phenomena and the drug induced on phase in long term Parkinson's disease. These studies have called attention to the existence of repetitive speech phenomena in Parkinson's disease and to possible influential variables such as stage of disease, eVect of levodopa treatment, and cognitive background. However, due to the lack of data which have been derived systematically from a larger patient population, the role of speech iterations in Parkinson's disease remains unclear. The present study was undertaken to describe the characteristics of repetitive speech phenomena in idiopathic Parkinson's disease. More specifically, the aim was to describe the morphology of verbal iterations, to establish their prevalence in diVerent forms of the disease, and to evaluate their relation to neuropsychological and clinical background data.
Patients and methods

PATIENTS
Fifty three patients with Parkinson's disease were investigated in a prospective study encompassing clinical, speech, and neuropsychological tasks. All patients were diagnosed according to UK Parkinson's Disease Society Brain Bank criteria. 16 All patients had two of the three cardinal signs (bradykinesia, rigidity, tremor) and showed no evidence of secondary parkinsonism due to antidopaminergic medication, or clinically relevant cerebrovascular disease. Additional criteria were the absence of dementia, major depression, aphasia, previous alcohol or drug misuse, brain trauma, or severe hearing loss. Subjects were inpatients and outpatients of the Clinic of Neurology, Innsbruck who gave their verbal informed consent to participate in the study. Patients were divided into groups according to the stability of their drug response. Twenty nine patients who had a stable response to levodopa were compared with 24 patients who had reached a more advanced disease stage with unstable drug response, including frequent motor fluctuations, unpredictable wearing oV phenomena, and dyskinesia. Degree of overall impairment due to Parkinson's disease was rated during on states on the Hoehn and Yahr scale. A neuropsychological screening procedure was performed to exclude demented patients and to compare both patient groups for their basic cognitive abilities. The test battery included the mini mental state examination (tapping orientation, speech, attention, memory, and constructional abilities 17 ); a multiple choice vocabulary test for the estimation of premorbid intelligence 18 ; and two semantic word list generation tasks (number of generated animal names and supermarket items during a period of 60 seconds; perseverative responses were subtracted from the total count). Short and long term retention of verbal material was assessed using the story recall section of the Rivermead behavioural memory test. 19 In all patients, motor ratings, speech tasks, and neurobehavioural background tests were administered in the morning during the on state about 1 hour after drug administration.
PERCEPTUAL SPEECH EVALUATION
It was the aim of this speech assessment to detect subjects with repetitive speech phenomena, to evoke speech in diVerent categories of natural language, and to characterise and count their repetitions on the basis of perceptual measurement. During the test procedure patients were seated in a quiet room. All patients received detailed instructions on how to perform each test and were asked to speak as slowly and distinctively as possible. Five speech production tasks were tested. Patients were asked to produce spontaneous speech during an extensive, semistructured interview with questions regarding details of their disease, profession, family, and place of growing up. Naming was evoked by having patients describe the details of a complex scenic picture containing common objects. A reading test required reading aloud two short paragraphs of a prose text, both presented in large print on an A4 sized sheet of paper; one paragraph contained normal words, whereas in the second passage 15% of all words had been changed to phonologically regular non-words. Similarly, repetition of speech was tested using 15 words and four sentences, both of increasing length, taken from the Aachener Aphasietest, 20 and a corresponding section using non-words and sentences containing neologisms. Automatic speech was assessed by asking patients to name the months of the year. Spontaneous speech, naming, reading, and repetition of text containing neologisms were considered forms of eVortful speech production compared with automatic speech, reading, and repetition of normal text which were judged semiautomatic speech production. To establish the eVect of on and oV states on the appearance of repetitive speech phenomena, seven patients of the advanced Parkinson's disease group who had marked motor fluctuations were tested twice, once during the on and once in an oV phase using parallel but equivalent test materials for the assessment of each speech modality.
Considerable overlaps exist between the labelling of various forms of repetitive verbal behaviour such as iterations, perseverations, palilalia, acquired neurogenic stuttering, 21 recurring utterances, and stereotypies (for definitions and a review of repetitive verbal behaviour see Wallesch 22 ). For the purpose of this study, the definition of repetitive speech phenomena was acoustically identifiable iterations of phonemes, syllables, words, or utterances. They were categorised using four distinctive criteria: fluency (fluent v nonfluent), speech rate (accelerando v constant speech rate), articulation (intact v poor articulation), and loudness (constant v inconstant speech volume). Each patient was screened for the appearance of repetitive speech phenomena. The speech of patients with repetitive speech phenomena was recorded on audiotape or videotape and entirely transcribed and analysed word by word. Due to the limited distinguishing quality of a perceptual speech analysis, and the often reduced articulatory precision and low volume in Parkinsonian dysarthrophonia, it was often impossible to identify the number of iterated speech segments within a single repetitive speech phenomenon. Therefore, each phenomenon was counted as a single entity, irrespectively of the number of its repeated speech elements (syllables, words, utterances, etc). The number of phenomena across speech tasks were counted from the written speech protocol and expressed as percentage of the patient's total word sample.
Results
DEMOGRAPHIC, CLINICAL, AND NEUROPSYCHOLOGICAL VARIABLES
As groups, patients with advanced Parkinson's disease or stable Parkinson's disease were similar in demographical variables, their general mental state, and performance on the verbal memory and the two semantic fluency tasks. In the advanced Parkinson's disease group, disease duration was significantly longer, and the amount of disease severity as measured by the Hoehn and Yahr scale was significantly greater. Mean scores on general mental functioning (MMSE) and memory were above the cut oV for an impairment indicating dementia (table 1) .
FORMS OF REPETITIVE SPEECH PHENOMENA IN PARKINSON'S DISEASE
An analysis and comparison of the transcribed iterations indicated that they could be grouped in two types. repetitive speech phenomena type 1, formally resembling palilalia 14 23 were hyperfluent repetitions uttered fast and with increasing speech rate; due to their often poor articulation and decreasing loudness they became increasingly blurred or murmured. By contrast, repetitive speech phenomena type 2 were dysfluent, prolonged, stuttering-like iterations which were relatively well articulated at a constant rate and loudness. As both types of speech repetitions were so phenomenologically distinct, it was thought that there was no need to establish interrater reliabilities. A small percentage of repetitive speech phenomena did not fit into one of both categories or was impossible to diVerentiate according to the above described criteria (type 3). Example utterances of the two most common types are summarised in table 2.
PREVALENCE OF REPETITIVE SPEECH PHENOMENA IN PARKINSON'S DISEASE
From a total of 53 patients with Parkinson's disease, 15 (28.3%) displayed repetitive speech phenomena. Of those, 13 belonged to the advanced Parkinson's disease and two to the stable Parkinson's disease sample. Thus, the prevalence of repetitive speech phenomena in patients with advanced Parkinson's disease was 54.3%, whereas in the stable Parkinson's disease sample it was only 6.9%. This indicates a significant preponderance of repetitive speech phenomena in patients with long term disease and fluctuating motor response to levodopa (p=0.007, Fisher's exact test). Within the advanced Parkinson's disease group, the 13 subjects producing repetitive speech phenomena did not diVer from the rest in demographics, duration of disease, and motor or cognitive performance. There was uneven distribution of repetitive speech phenomena among the tested speech tasks (figure). Contrary to a previous case description 24 where repetitive speech phenomena were strictly linked to a task of speech repetition, in this study picture naming and spontaneous speech generated the highest percentage of repetitive speech phenomena, whereas semiautomatic speech yielded only one in the whole sample of repetitions. Furthermore, reading and repeating nonwords produced significantly more repetitive speech phenomena than reading and repeating normal text (p=0.013 and 0.046, respectively). It also seems noteworthy that a relatively large number (18%) of all repetitive speech phenomena were provoked by word finding diYculties during spontaneous speech or during confrontation naming in the picture description task. Only 8% of all situations with word finding difficulties were not coupled with repetitive speech phenomena.
REPETITIVE SPEECH PHENOMENA DURING THE ON VERSUS THE OFF STATE
To evaluate the eVect of the on and oV states on the appearance of repetitive speech phenomena, seven patients with advanced Parkinson's disease who agreed to participate in this study were assessed during both states. The order of examinations in the on and oV state was counterbalanced in this subgroup. Parallel test materials were used in both states. Table 3 shows a direct comparison of the appearance of repetitive speech phenomena in both functional states. As evident from this table, the amount of words spoken in both states was about the same. There was a tendency for repetitive speech phenomena to appear more often in the on state. However, there was no significant diVerence between the number of repetitive speech phenomena in both states. Also, types 1, 2, and 3 had similar prevalences and a similar distribution pattern in both motor states. Similarly, a detailed comparison of individual speech tasks (spontaneous speech, naming, reading, repetition, and automatic speech) yielded no significant diVerence in individual numbers or profiles of produced repetitive speech phenomena in the on versus the oV state. The only qualitative diVerence between both states were poorer articulation and decreased volume of repetitive speech phenomena in the oV state in general. 14 24 progressive supranuclear palsy, 26 27 Tourette's syndrome, 28 non-demented patients with idiopathic Parkinson's disease. The principal findings show that there are two clearly discernible forms of the phenomena in Parkinson's disease; that repetitions of speech are almost exclusively present in a subgroup of patients with Parkinson's disease with advanced disease stage and unstable motor response; furthermore, that repetitive speech phenomena appear both in the on and the oV state; and finally that they are not necessarily coupled with dementia. With the exception of two patients with stable Parkinson's disease, repetitive speech phenomena in this study were only found in patients with advanced, long term Parkinson's disease. In this subgroup, about half of all patients produced speech iterations. Even if the chosen selection criteria do not allow us to establish their general prevalence, the numbers of iterations found disproves the notion that repetitive speech phenomena are rare in Parkinson's disease, 4 9 29 as in our study they appeared in 28% of the total Parkinson's disease sample, and the amount of iterated speech was almost 6% of the elicited total word count. Despite this strong association with unstable, fluctuating Parkinson's disease, it seems notable that iterations in patients with advanced Parkinson's disease were generated both during the on and the oV state. Furthermore, they emerged in both motor states with similar forms and distribution patterns among speech tasks. These findings do not support previous assumptions that repetitive speech phenomena can be explained as symptoms of levodopa induced hyperkinesia. 24 29 However, in the light of the small sample size the results of this study must be interpreted with caution and will need further, more detailed replication. The coupling between repetitive speech phenomena and advanced Parkinson's disease suggests that the events during the progression of the disease-namely, neuron degeneration and transmitter disturbances 30 may also be the pathophysiological mechanisms responsible for the generation of the speech iterations.
Discussion
As it is well known that repetitive speech phenomena appear in patients with dementia, 15 24 29 31-33 we were particularly interested in investigating the cognitive status of our patients with Parkinson's disease and repetitive verbal behaviour. Impairments of orientation, memory, and verbal associative functions are among the most prominent findings of a developing dementia in patients with Parkinson's disease. [34] [35] [36] In the present study, neuropsychological background tests of patients with stable Parkinson's disease or advanced Parkinson's disease showed normal and equivalent group means on tasks tapping general mental abilities and verbal memory; scores on a word list generation task were in the lower normal range. It can therefore be assumed that repetitive speech phenomena may also be found in association with an average cognitive status as assessed by standard tests of memory and orientation, and that dementia may not be a prerequisite for the iterations Based on the morphological characteristic of repetitive speech phenomena, simple rating categories of speech such as fluency, rate, articulation, and loudness were used to obtain a classification of the phenomena. With the exception of amorphous (type 3) speech repetitions, which accounted only for a minor percentage of speech iterations, two main patterns could be diVerentiated (table 1) . Type 1 comprised hyperfluent, poorly articulated iterations, mostly uttered with increasing speech rate and decreasing loudness, closely resembling the classic description of palilalia. 8 14 37-38 These iterations have previously been described in postencephalitic parkinsonism, 15 39 as well as in many neuropsychiatric disorders. 24 25 28 29 32 33 38 40 41 Type 2 was a non-fluent, well articulated iteration, pronounced with constant loudness and rate. This was produced in a staccato-like manner and resembled earlier descriptions of stuttering in Parkinson's disease. 10 11 Similar to an earlier report, 11 iterations occurred at all word positions. In this study, the two main types of repetitive speech phenomena, type 1 and type 2, constituted 37% and 48.3% of all iterations, respectively; thus the proportion was roughly 1:1.3. This distribution remained largely constant among diVerent speech tasks. Both types appeared in each patient producing speech iterations. Occasional blends of type 1 and type 2 were also found. With the reservation that a purely perceptual analysis of parkinsonian dysarthrophonia can only provide a quantitative estimation of these variables, both repetitive speech phenomena types did not diVer in the iterated speech material-that is, their number of iterations, the speech segment being iterated (syllable, word, or sentence), as well as the locus of reiteration within utterances (begin, medial, end). Thus, both types of repetitive speech phenomena diVer in their acoustic properties such as fluency, rate, loudness or articulatory control, but not remarkably for the iterated speech substrate, such as the number of repeated elements, the task, or the reiteration type (syllable, word, or utterance). Also, each type was present in each patient, indicating that the disease may bring forth two, or possibly even several diVerent forms of repetitive speech, without creating subgroups of specificity among patients. These findings confirm the coexistence of hyperfluency and dysfluency in one disease, as well as the variability of speech rate, articulatory clearness, and loudness. They are in line with other findings pointing to the variability of some speech variables in Parkinson's disease, 4 6 8 which may appear as a continuum of symptoms rather than a uniform profile of speech.
At present, the origin of repetitive speech phenomena in Parkinson's disease is unclear.
As the results of this study are based on a purely perceptual analysis of parkinsonian speech and lack other, more objective-for example, kinematic observations-they can only bring forward two hypotheses regarding generation of the iterations. The motor hypothesis holds that repetitive speech phenomena are the result of a malfunction at the level of motor speech, probably resulting from a disintegration of subcorticocortical interplay, whereby the basal ganglia stimulate speech activity in the cortex in an uncontrolled manner 29 ; alternatively, defective execution of preprogrammed motor sequences may result in an impairment of the duration and fluency of speech events. [42] [43] [44] [45] [46] More specifically, repetitive speech phenomena may be speech equivalents of the "freezing" or "motor block" phenomenon, a sudden and short lasting break in motion as well as inhibition in executing a movement, or in switching from one movement pattern to another. 46 47 Motor blocks are often found in advanced Parkinson's disease, occur independently of the timing of levodopa dosage, may appear in both the on and oV phase, and aVect gait, finger movements, and speech. During freezing episodes of finger tapping an excessive increase of frequency combined with a reduction of movement amplitude has been found, 48 features which bear some morphological similarity with the accelerando and decrescendo of the hyperfluent repetitive speech phenomena found in this speech study. Similarly, an increase in articulatory repetition rate with a concomitant reduction of movement amplitude has recently been demonstrated by means of electromagnetic articulography in a patient with Parkinson's disease with speech freezing. 49 Finally, motor speech can also be paced by released tremor oscillations, a "hastening" phenomenon found in a subgroup of patients with Parkinson's disease during various motor tasks. 49 50 Freezing was present in several patients of this study; however, as the primary aim was the investigation of repetitive speech phenomena, no detailed assessment was performed as to the prevalence of blocking phenomena and their possible correlation with iterations of speech.
The complementary, cognitive hypothesis claims that repetitive speech phenomena are the result of an impairment at the linguistic, prearticulatory level, particularly by a deficit of mechanisms which are responsible for the generation of the phonetic plan. 51 52 This plan contains all the information about the word form and the serial organisation of speech elements, Alternatively, there may be a defective interplay between the phonetic plan and the motor speech assembly. Some findings from this study suggest that repetitive speech phenomena in Parkinson's disease may have a cognitive component. It is evident that the phenomena appear significantly more often in eVortful than in semiautomatic speech (figure). Furthermore, the frequent (92%) coupling of iterations with word finding diYculties may be taken as a hint that an impairment at the prearticulatory level has an eVect on motor speech. In a case study of two demented patients producing monosyllabic iterations 33 the view has been taken that repetitive speech phenomena linked to word finding diYculties may function as fillers which are produced during the generation of relatively inaccessible content words. Further support of the "cognitive" hypothesis also comes from a recent study which has found that parkinsonian dysarthria may also be influenced by linguistic demands. 5 According to this concept, the repetitive forms of dysarthrophonia in Parkinson's disease 8 may be both a disorder of speech and of language.
